INTRODUCTION
Approximately 2,500 to 3,000 patients with malignant mesothelioma are diagnosed in the United States each year. The incidence of mesothelioma is expected to decrease in the United States after reaching a peak in year 2000. However, the incidence of mesothelioma in Europe is expected to peak around 2020 before declining (1, 2) . The majority of patients have unresectable disease. The median survival of patients with mesothelioma is about 6 to 15 months with a 5-year survival of <5% (3) . The Cancer and Leukemia Group B (CALGB) has played a lead role in the evaluation of new drugs for mesothelioma. As single agents, several drugs have been found to have very minimal or no activity (4) . The combination cisplatin and pemetrexed produced better response rates (41.3% versus 16.7%, P < 0.0001) and improved median survival (12.1 versus 9.3, P = 0.02) than cisplatin alone in a randomized phase III study (5) . Based on this pivotal study, the combination of cisplatin and pemetrexed has been approved for use in malignant mesothelioma in the United States. Despite the promising results of cisplatin and pemetrexed, the long-term survival for patients with unresectable mesothelioma continues to be poor. There is a clear need to explore novel therapies for the treatment of malignant mesothelioma.
Epidermal growth factor receptor (EGFR) is overexpressed in a variety of tumors. EGFR overexpression has been associated with increased proliferation, inhibition of apoptosis and tumor angiogenesis (6) . Mesothelioma cell lines have high levels of EGFR expression (7). Dazzi et al. reported that 68% of mesothelioma specimens showed EGFR overexpression (8). Govindan et al. showed EGFR overexpression in 11 of 19 mesothelioma specimens (9) . The receptor tyrosine kinase inhibitor gefitinib (ZD 1839, Iressa) is a potent and selective inhibitor of EGFR tyrosine kinase (10) . Gefitinib has been shown to inhibit the growth of tumors in a variety of human xenograft models in nude mice. It has also been shown to cause tumor regression in established tumor models. Gefitinib decreases proliferation and increases apoptosis in mesothelioma cell lines (11) . The growth inhibitory effects of gefitinib are readily reversible on withdrawal of the compound. Both preclinical and early clinical studies indicate that the toxicities associated with gefitinib are minimal (12) . Fatigue and diarrhea are the dose-limiting toxicities. Gefitinib has now been approved for use in patients with advanced non -small cell lung cancer with progressive disease after chemotherapy with platinum and docetaxel.
PATIENTS AND METHODS
Eligibility Criteria. Patients were considered eligible if they had histologically confirmed malignant mesothelioma not amenable to curative surgery, unidimensionally measurable disease, and a performance status 0-1 by CALGB criteria. Patients with prior systemic therapy for malignant mesothelioma were excluded; however, prior therapy with intrapleural cytotoxic agents or sclerosing agents including bleomycin was allowed. At least 2 weeks should have elapsed since major surgery and 4 weeks since radiotherapy. Required laboratory values included the following: WBC >3,000 cells/AL; platelet count >150,000 cells/AL; total bilirubin <1.5 mg/dL; creatinine <1.5 mg/dL; and aspartate aminotransferase <2Â normal. Patients with a ''currently active second malignancy'' other than nonmelanoma skin cancer were excluded. Patients were not considered to have active malignancy if they had completed therapy and considered by their physicians to be at <30% risk of relapse. EGFR expression or overexpression was not required for enrollment in this study. All patients signed informed consent. Baseline evaluation included history and physical examination and complete blood counts and chemistries including evaluation of hepatic and renal functions. Complete blood counts and serum chemistries were required on the first day of each cycle. Computed tomographic scans of the affected areas (chest, abdomen, and/or pelvis) were done within 4 weeks of study entry. Although central pathology review was not required, all pathology reports were reviewed by the study chair (R.G.) and unstained slides or blocks were submitted for analysis of EGFR expression. Paraffin blocks from the core biopsy or 10 unstained slides taken at the time of initial diagnosis or subsequently were assessed for EGFR expression by immunohistochemistry using standard reagents (Zymed 31G7 EGFr) as previously described (13) .
Treatment Plan. Patients received gefitinib at a dose of 500 mg p.o. once a day. A cycle was defined as continuous therapy for 21 days. Patients were reevaluated with computerized tomographic scan after every two cycles and therapy was continued until there was evidence of disease progression or unacceptable toxicity.
The results of the two phase II studies establishing that a daily p.o. dose of 250 mg a day is adequate for the treatment of advanced non -small cell lung cancer were not available when this study was designed (14, 15) . The side effects seem to increase when gefitinib is given at doses above 600 mg/d. In view of tolerability and activity shown, we chose a dose level of 500 mg once a day when this study was planned. Dose Modification. Toxicity was graded using the National Cancer Institute common toxicity criteria (Version 2.0). Dose adjustments were made for grade 3 or 4 toxicities. If a patient developed grade 3 or 4 toxicity, gefitinib was initially held for a maximum of 14 days and resumed at the original dose if the toxicity decreased to grade 2 or less. If the patient subsequently experienced the same or different grade 3 or 4 toxicity, the dose was decreased to 250 mg once a day after the toxicity has resolved to grade 1 or 2. If the patients continued to have grade 3 or 4 toxicity despite holding gefitinib for 14 days, they were taken off the study. Only one dose reduction per patient was permitted. Once a dose reduction occurred, dose reescalation was not permitted. Response was evaluated by Response Evaluation Criteria in Solid Tumors (RECIST) criteria (16) .
Statistical Analysis. Based on the CALGB database from 10 previous prospective studies, the 3-month failure-free survival rate among patients with good performance status (Eastern Cooperative Oncology Group PS 0-1) is f60%. The primary end point of the study was the percentage of patients who remain alive and progression free 3 months (defined ''success'') after initial administration of gefitinib. A single-stage study design was used to differentiate between 55% and 75% 3-month failurefree survival rate. If the true percentage of patients who are successfully treated with gefitinib was z75%, it would be considered worthy of further study in malignant mesothelioma. On the other hand, if the true success rate were <55%, this regimen would not be pursued further. Specifically, the hypothesis tested was H0: P < = 0.55 versus H1: P > = 0.75, where P is the proportion of patients who remain failure-free 3 months after initial administration. Assuming a type I and II error rate of 10%, the sample size for this study was 40 patients. Based on previous data, we expected that f60% of patients (or 24 patients) enrolled onto this study would have EGFR overexpression. Within this particular patient subgroup, there would be over 90% power to differentiate between a 55% and 80% 3-month failure-free survival rate in the test described above and conducted at the 0.10 level of significance. If 17 or more of the f24 patients with EGFR amplification lived failure free for 3 months or more, additional studies in the subgroup of mesothelioma patients with EGFR overexpression would be appropriate. Kaplan-Meier curves were used to describe overall survival and failure-free survival (17) . Survival time is defined as the time between registration and death. Failure-free time is computed as the time between registration and disease progression or death.
RESULTS

Forty-three patients enrolled between August 2001 and
February 2002 were all eligible for assessment of response and toxicity. Table 1 summarizes the patient characteristics. Ninetyone percent were males, median age was 72 years (range, 42-85), and 56% of the patients were older than 70 years. Most patients had epitheloid histology and pleural mesothelioma. Seventythree percent of the patients had a performance status of 1.
Median number of cycles received in this study was 2 (range, 1-31). A total of 200 cycles were administered to 43 patients. Fourteen percent of patients received more than six cycles of therapy.
Grade 3 and 4 toxicities are presented in Table 2 . One patient died of respiratory failure attributed to worsening of emphysema with progressive hypercapnia, hypoxia, and absence of any interstitial infiltrates on computed tomography of the chest. One patient developed severe dehydration secondary to diarrhea and poor p.o. intake and 28% of patients developed a grade 3 toxicity, most frequently diarrhea (16%) followed by nausea (12%). Only 5% of patients experienced grade 3 skin rash. Three patients (7%) discontinued therapy because of side effects.
One patient (2%) had a complete response. One patient (2%) had a confirmed partial response, whereas 21 patients (49%) had stable disease for two to eight cycles. Progressive disease in the first 6 weeks was seen in 35% of patients whereas 12% of patients died early before completing two cycles of therapy due to progressive disease. Both the responders were men with epithelial histology and CALGB prognostic group of 3. The median failure-free survival was 2.6 months [95% confidence interval (CI), 1.5-4.0] as outlined in Table 3 . EGFR expression score by immunohistochemistry on the available 28 specimens were 0+, 1+, 2+, and 3+ in 0 (0%), 1 (4%), 10 (36%), and 17 (60%), respectively. Only 40% of the patients remained failure free for at least 3 months after study entry (95% CI, 25-56%). The median failure-free survival for patients with low EGFR-expressing tumors versus those with high EGFRexpressing tumors was 2.7 months (95% CI, 1.5-1) and 2.7 months (95% CI, 1.4-4.6), respectively. The median failure-free survival for patients with epithelial histology and nonepithelial histology was 2.7 months (95% CI, 1.4-4.2) and 1.4 months (95% CI, 1.3-2.6), respectively.
The median overall survival was 6.8 months (95% CI, 3.5-10.3) for the entire group; patients with high EGFR-overexpressing tumors had a median survival of 8.1 months (95% CI, 5.0-1) compared with only 3.6 months (95% CI, 2.0-1) for patients with low EGFR-expressing tumors. Kaplan-Meier plots for overall survival and failure-free survival are presented in Fig. 1 . Patients with epithelial type mesothelioma had a median survival of 7.7 months (95% CI, 4.0-1) compared with only 2.9 months (95% CI, 1.5-5.0) for patients with nonepithelial type. One-year survival for the entire study population was 32%.
DISCUSSION
Among 337 patients with malignant mesothelioma treated by CALGB in seven phase II studies, 82% had a performance status of 0 or 1 (18) . The 3-month failure-free survival rates in patients with good performance status is f60%. Treatment with single agent gefitinib resulted in a 3-month failure-free survival rate of only 40%, significantly lower than what would be predicted based on the CALGB database. The promising in vitro activity of gefitinib in mesothelioma cell lines was not reproduced in this phase II study. The rapid accrual rate raised the concern whether patients with poor performance status were enrolled in this study, given the appeal of a novel agent such as gefitinib and its wellknown tolerability even among patients with poor performance status. However, the proportion of patients represented in the various CALGB prognostic groups (based on six variables including performance status, age, hemoglobin, white blood count, weight loss, and presence or absence of chest pain) in this study is not significantly different compared with the other CALGB phase II studies and could not by itself account for the disappointing results. EGFR overexpression did not predict response to gefitinib in this study. Similar lack of correlation between EGFR expression and response to therapy with this class of drugs has been reported in other malignancies (14, 15, 19) . Mutations in EGFR tyrosine kinase domain have been associated with response in patients with metastatic NSCLC (20, 21) . The prevalence of such mutations in mesothelioma is presently unknown.
It is unclear whether EGFR overexpression is a reliable predictor of poor outcome in patients with epithelial malignancies (22) . EGFR overexpression is seen predominantly in patients with epitheloid malignant mesothelioma, a subtype known to have a better outcome. This fact may explain the better survival seen in this study in patients with high expression of EGFR.
It is important to study the prevalence of EGFR tyrosine kinase mutations in malignant mesothelioma and perhaps design future studies with this class of agents in patients with activating mutations in the EGFR tyrosine kinase domain. Based on the results of this phase II study, we conclude that further investigation of gefitinib in mesothelioma is not warranted in unselected group of patients with malignant mesothelioma.
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